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I F8o] L UFrFEK {5 9.0 killo-electron
volt, ke V) @ o3 & 714 wol ARgataL vt 2
2y a1 o] ot afo] 2 (K F5E: 1.6
Ke V)& AHES A &Y ol -5 AR838kA] 94 &7
ng2 A B ofd} wo g ARgSkaL vk o3t o
O whel X4 2 WHaEkA| AN A AR Y
skoll g Mol 7l Hol, A7 ofd} w& AL
|8 B9 By At Fobd Bt opzt FHEE =
oFA7] wiiell $A}F v F kS A 5 v 2
v} AR T Z00uhi Fg(noise)d] F71E
Gl dol AstHER Qo] do] AetEA %= RS
Wellx o] 9 ZdwdS Sol7] 913k #Ast, #dR7, A
ARE A #2IARRE A 21s 8= sk ok

oo & AFolxe e XA Ao Fridy ¥
WA AAFES Wstol whE Zo] 790l gk 9=
A=k 2 o) P HAEA| 28 (Picture Archiving and
Communication System, PACS)ell #ZFE 9dite] Ao
Hste] Wb TA S,

2. A9 o H B
2.1 QA 29 B R

A A=A 9 Y 8] (International  Commission
on Radiation Units and Measurements, ICRU)-44 &2
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FHd o] 42] ¢ Aehg XA #GA) wot dE 3 ko] ®ste] whE IR 3 9 SR vla dr

2 A28 2lA 23 (RANDO® Man Phantom, Alderson,
Australia)2 A 174 cm, A|F 73.5 kg & ZF 2.5 am F
AR Fofzl Aot QA AF =2, w, #F5 7t
EAE A WS T, B5F 1Y T4 frEl
22ks FAste] AR 9 3RS SAselt

e AR5 ke V~125 ke V)oll gt oUAE B
3171 {8 T 0.75 mm, Sn ZHE F235 F|A=
(GD-352M, Asahi Glass, Japan)E& 7} <Az

(Annealing) 14 AH F wHEaje] ALl {cHs),

2.2 FAY, TAR, AR FA

kg XA #X(Bucky Diagnost TH, Philips,
Netherlands)®] 3% AT 24 dol| gk A o
RE oolr ] ¢J8] Multi function meter NERO™ mAx
(Victoreen Model 8000, Moedling, Austria)E A}&-5}<]
HAY, BHAF L 2ARR ) tis) Brskgleh. NERO™
mAx9] o]l AWE HolE& o Fi FDD
(Focus-Detect Distance)E 100 cmE ZAQ3le] =3 7]9]
AEHH o X1 S BFIL ZAFE 14x14 o 27
shlct, 2ejar & 2312 #FQF 77 kvp, SR 40
mAs (ZAMAZE 103 msec, FAF 388 mA)E FAlalo]
Z73toltt. B EAIESRE A 34959 ofehH
£ XA Aule] wES A oAl g A1) Hr} el &
A Mg P exk= AR ol tigke] £10%e]W,
AT £15%0], 2E|a ARFZFS WIS
745 +15% olufo]ojol THI) NERO™ mAxe] F&
BAYL 75%, PEE low, 4 A DA +10 ms2
etk FE B NERO™ mAx HEE o] 24
B2 Higkel AAH % kvp ool peakute Fia}
et

X,—-X
PAE=

X,

PAE : percent average error, X;, DAY 9 AARF
AR, X+ AR ] ke P

X100 () werrennrrnrenmennnennninninns (1)

23 &9 =35 AFAF &4

A Wt lgh T 4] flsf ALf-EE 2.5 mn
Alof|A] B71EE 1 mmAl+0.2nmCu, 1 mmAl+0.1 mmCu, 2 mm
Al 0 mAle] F7 2do] 7Fs3et Mekg XA Au|E 7}
Ao A8k

oAty F sk v © 2 Rando Man PhantomS &%
o} e Yo BLeE 1Y 9J8te] FDDE Y71 180
ol YRIBF FAY 117 kvp, BAFZF 3.2 mAsE &
Ao s AgA 29 S8 e A=
FDDZE 718 100 emol] $X)5kaL AL 74 kvp #AF
2 20 mAs, TAY 70 kvp FAFH 25 mAs, AL 77
kVp A7 40 mAsE 13te] 2% o2 FEA]
2Pk, B3 RrHEE FAE WEiAlg| Z9gskal
A sk ERRL 3719 F2 aAE Basle] 539
Ax AP 935S S48 tHEg. 1),

2} o] Eol| $]2]3F Rando Man Phantom< FH+
SHFW oW, BN gl sle] HFuws sl 4, 5
22w S 4o fe] a8 R e & 4 HY =
23} 9Z A =A A 7)|F0] HE WM (Dose
Area Product: DAP)& PD-8100 (toreck Co, Japan)< ©]

3l =AY, UALEHX FH(Entrance  Surface
Doses: ESDs) 2] AAIZ 253t

DAPE U 2 (2)3 2t}

DAP(Gy « cm?) = Dose X Areq «www-wreeeeenees 2)

ESD+ DAPS} BAIE= (3)3 2t

D), e (252

BSF FFD FFD
BSF : back scatter factor, Apep : focus film distance

at the DAP position, FSD : focus skin distance, FFD :

focus film distance

DAP= (

Fig. 1. Set up of test equipment at supine (a) and erect (b) positions of the Rando Man Phantom.
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technique factors

(KVp, mAs, mm Al) X- ray tube

dose-area product
(DAP)

air kerma-area product

(AKAP)

air kerma
ESD
fwith/without backseatter)
— depth dose
organ dose
exit dose

energy imparted

Fig. 2. Schematic drawing of patient dosimetry quantities.

24 4 EA

g 230 e FPor ATz
(PACS)°ll 9] & 3= (Digital Tmaging and Communi-
cations in Medicine: Dicom) 3.0 ZA 2 AAH JIA}S
A= 72| A g Z2aey S Algshs A
EYo](MATLAB 7.1, Mathworks Inc., USA)E AF&35}<]
DICOM 3.0 3+ 256x256 JPEG %32 Thel 32alo g
HEsle] S| AETIRWS Fote] AT Fde] 7HA
= A gpiolx ZH7te] B gk 2t skhe] Vi 1
g Yehle 3292 X5 F% &, Y 2zt
FTE e 7H RS e TR @3S TR
& BE AZoR AW Y YL $302 AT
o] Yehdth, dAH R L WY Qxes 3]
2EIHS BE 3k g ol a2d ExEH. ol

A9 o) 49) 1 ARG XA BN B WE 2 el Wae] we AFAF 2 P 5 v A7

B ATl el BAMEE 7h9AIRE RIS Holn
Qoo 71 B NEFE Uehlle SE ghel Hus
g JFom By

3.1 #AY, AARF, AR AJA AP

A o} ARl s 2hg-skal fhake] ¥ A
& A7k Ta3t Qg she HHYGH FGARE A
XA#s ook Bl gk 3-8 XA ) 54
A3 77.3 kVp, & HTE 76.9 kVp, Peake 78.1
kVp, H1 ZAMAZES 103.4 ms o, ZAMIH 9 £
APAEFE-S 161.3 mR, 104.0 Rmin o]t} #49 PAE
= 70.38 %, TF PAEE —0.25 %2 A% Wl <kl &
At

3.2 F71E 0 ME HANF E JAEAAF v

2 AY A3 WHdTg JAEEA g AREE 5ot
Iy o] FA 9 84t 43G9 e 1 mmAl+0.2 mmCu
ol HAE B 0 mmAl (Non filter) oA FHT) = e}
WJoH(Table 1, Figure 3). o|n|A] 258} Ao 33k
S T TG vlgte] x5S dYske ddF7E |
A% 2 AR AEAE Fholl o 2 S vt T3k
FHETS o83t 9 ofipEct dFu|E g
o183t B olhig oS3 Wilo] YAEHUY
paste 29 g meln

B ] A

Table 1. DAPY and ESDs? according to Different Thickness of Added Filter and Variable Exposure Parameters.

Exposure Thicknes§ of DAP , ESDs (mGy)
Added Filter (mGy-cm’) Device 1 Device 2 Device 3

1 mAl + 0.2 mCu 432.8 0.929 + 3x10° 1.019 # 5x10° 1.001 # 1x10°

1 mmAl + 0.1 mnCu 627.9 1.056 + 3x10° 1.105 + 3x10° 1.082 + 5x10°

74 KVp, 20 mAs 2 mAl 778.8 1.233 + 3x107 1.224 + 3x10° 1.352 + 1x107
0 mAl 826.1 2.326 + 3x10° 2.410 #* 5x10° 2.682 + 5x10°

1 mAl + 0.2 mCu 532.8 1.051 #* 4x10° 1.079 * 4x10° 1.058 * 2x10°

70 KVp. 25 mAs 1 mAl + 0.1 mCu 7725 1.429 + 4x10° 1.491 + 5x10° 1.370 + 3x107
2 mAl 912.3 2.085 + 5x10° 2.243 + 2x10° 2.806 + 5x10°

0 mAl 943.8 3.294 + 5x10° 3.078 + 1x10° 3.129 + 6x10°

1 mmAl + 0.2 mnCu 829.6 1.892 + 4x10° 2.052 + 5x10° 2.170 + 6x10°

1 mAl + 0.1 mCu 1191.7 2.913 + 3x10° 2.828 + 3x10° 2.645 + 2x10°

77 KVp, 40 mAs 2 mAl 1313.9 4501 + 6x10° 4517 + 14x10° 4715 + 10x10°
0 mAl 1347.6  6.686 + 10x10° 6.962 + 10x10° 6.398 + 5x10°

1 mAl + 0.2 mnCu 213.7 0.348 + 1x10° 0.305 + 2x10° 0.220 + 2x10°

117 kvp, 82 mAs 1 wAl + 0.1 mCu 277.2 0.324 + 1x10° 0.354 + 1x10° 0.345 + 2x10°
2 mAl 339.1 0.463 + 2x10° 0.320 + 1x10° 0.300 + 1x10°

0 mAl 449.8 0.387 + 2x10° 0.331 + 2x10° 0.458 + 2x10°

UDAP: Dose Area Product, * ESDs: Entrance Surface Doses
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A ol 40l ¢ kg XA B B WE % el wsel we HFAF 2 @ B va o

LIG¥ '.— : Py % é UGY [ & * L3 &
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é ::: +0.1 -C: e : : : : :
o . : . 1 mA| + 0.2 mCu
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2000 |- = .
350 - = : : -e—
— § : -
oreE———————¢—— ¢ ————1¢ | 1500 =
250 . — - - o &
1000 I I ! ¥ %—
¢+ —— ¢ +—¢ I i 4 4 4
1 2 3 4 Num & l 2 3 4 Num 5
A B
UGY & 3 E3 ' & UGY [ [ 3 [] F] -
i ] ¥ . . . . ;
3000 - =
’ 6000 -
T G T mmAl + 0.2 =Gu | mmAl + 0.2 =Gy
e o=
W= A 5000 |- A .
" - & e ~ —3
2000} * ¥ = 4000 -
1500 [-m— e . = 2000 g P 1 s 1
L2 . & . . — — -~ -
—_— ) 3 — 2000 |- : s : -
1 2 3 4 Num 5 ! 2 3 4 Num &
C D
Fig. 3. ESDs at various conditions of added filters.(A: Chest, B: Abdomen, C: L-spine, D: L-spine lat)
Table 2. Histograms on PACS" according to Different Thickness of Added Filters and Variable Exposure Parameters.
Exposure Thickness of Added Filter Minimum(pixels) Maximum(pixels) Mean(pixels)
1 mAl + 0.2 mCu 836 7.065 x 10° 2,563 x 10°*
1 mAl + 0.1 mCu 921 7.008 x 10° 2.563 x 10"
74 kVp, 20 mAs . .
2 mnAl 949 7.254 x 10 2563 x 10
0 mnAl 620 7.611 x 10° 2.563 x 10"
1 mAl + 0.2 mCu 0 7.281 x 10° 2,563 x 10
1 mmAl + 0.1 mmCu 13 7.273 x 10° 2.563 x 10°
70 kVp, 25 mAs . .
2 mnAl 4 7.741 x 10 2.563 x 10
0 mAl 94 8.027 x 10° 2,563 x 10°*
1 mAl + 0.2 mCu 0 2.682 x 10° 2,563 x 10°*
1 mAl + 0.1 mCu 0 2.549 x 10° 2.563 x 10"
77 kVp, 40 mAs . .
2 mnAl 0 2545 x 10 2563 x 10
0 mrAl 0 2.585 x 10° 2.563 x 10"
1 mAl + 0.2 mCu 3125 9.195 x 10° 2,563 x 10
1 mAl + 0.1 mCu 3283 9.209 x 10° 2,563 x 10
117 kVp, 3.2 mAs 5 .
2 mnAl 7917 9.060 x 10 2.563 x 10
0 mnAl 3193 9.190 x 10° 2.563 x 10"

YPACS: Picture Archiving and Communication

System

3.3 MATLABS °|&3% ¥ &4

g 3 AFAEA = DICOM 3.09d= #4=
J2(Fig 3-6)2 MATLABS o|&3}e] 3|2Eadog 12
A3 A3t FrREE | o3t el ddde =7 Il
(Table 2). Z8v} =% 20 G38ko] Gdg vlus] £
Az} Hughola & 2hol2 BRI, Hitgholrle 2fo)
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7F WA ekth, ol= 71E9] il x4 F3A
ol FAAS AFE3E CR (Computed Radiography)-&
Adsl 9 2155 Image Readerol] W=l = 254
T 2 os) Fdatal s AFs] wiEolth

g FRF BN JFAIRE B 502 #A
252 W47} 23021 vhH(Fig 8), B2 ke Aol ¢



g 940l A

At 7}TA1°P—“:¢ —3— oL HWIs7} 130~1600.2
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9). 5le]zm %‘ﬂ Fe HFoe AFTH EIE 8o
I H¥SGTE 7008 o5 Pt i&iﬁnﬂ(mg 10), 3

T8 X FGA ot dE g o] st whE RAY 3 o s njn oAy

25w SAF el A7) 50~100013 HS0
2 ATHNe E}U& opel B W=7t 7 A7

e THFig 1

Fig. 4. The chest images of the Rando Man Phantom at different combinations of added filters (a: 1 nmAl + 0.2 nmCu, b: 1 mnAl + 0.1 mnCu, ¢: 2 mmAl,

d: 0 mmAl)

Fig. 5. The abdomen images of the Rando Man Phantom at different combinations of added filters (a: 1 mmAl + 0.2 mnCu, b: 1 mnAl + 0.1 mnCu, ¢: 2 mnAl,

d: 0 mmAl)
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Fig. 6. The anteroposterior images of lumbar spines of the Rando Man Phantom at different combinations of added filters (a: 1 nmAl + 0.2 imCu, b: 1 mmAl
+0.1 mnCu, ¢: 2 mmAl, d: 0 mmAl)

. .
C D

Fig. 7. The lateral images of lumbar spines of the Rando Man Phantom at different combinations of added filters (a: 1 nmAl + 0.2 mmCu, b: 1 mmAl + 0.1 mm
Cu, c: 2 mnAl, d: 0 mmAl)
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Fig. 8. The histograms of the chest images of the Rando Man Phantom on PACS (picture archiving and communication system) at different combinations
of added filters.
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Fig. 9. The histograms of the abdomen images of the Rando Man Phantom on PACS (picture archiving and communication system) at different
combinations of added filters.
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Fig. 10. The histograms of the lumbar spine images of the Rando Man Phantom on PACS (picture archiving and communication system) at different
combinations of added filters.
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Fig 11. The histograms of the lateral view of lumbar spines of the Rando Man Phantom on PACS (picture archiving and communication system) at

different combinations of added filters.
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2 s A HE sEE 2EtE AEe s 1. Peters SE, Brennan PC. Digital radiography, are
=] ofg7] witoltt # AFE FSiAE ZH w the manufactures' settings too high? Optimiza-
g e 21E HIY A5 AR 95 A= Afole} 5 tion of the Kodak digital radiography system with
29 BTt Zo|7F YEREARE Jate] S| AE1# o] aid of the computed radiography dose index.
RSO B A zpol= Ao glti= AL el 4 Eur, Radio, 12:2381-2387; 2002,
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Radiology 242:898-906; 2007,
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A Comparative Study of Image Quality and Radiation Dose according to Variable
Added Filter and Radiation Exposure in Diagnostic X-Ray Radiography
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Abstract - To know which parameters were acceptable for achieving lowest radiation exposure to the patients and highest
image quality at the diagnostic X-ray radiography, we measured the patient radiation dose and image quality in transmitted
PACS (Picture Archiving and Communication System) at variable combinations of the added filters. As a result, the Dose Area
Product (DAP: mGy « ¢m?) and Entrance Surface Doses (ESDs: mGy) was lowest at 1 mmAl + 0.2 mnCu and highest at 0 mmAl.
The histogram of the image quality by transmitted PACS was not significantly different at variable combinations of exposure
parameters on the MATLAB. In conclusion, this study can be helpful for expecting radiation dose-exposure and control
exposure parameters for the diagnostic X-ray radiography.

Keywords : X-ray added filter, Dose area product, Entrance surface doses, Histogram
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